The occurrence and geographic distribution of marine mammal strandings along Todos Santos Bay, Baja California, Mexico, were investigated from 1998 to 2001. The study was carried out along 30km of coast, divided into rocky and sandy shores. During the study period we responded to calls from the public about dead stranded marine mammals (SMM), and from March 1999 to December 2001 the coast was also monitored (211km total effort). A total of 153 SMM (90 from notifications, 63 from beach monitoring) from nine different species were recorded: 76% (n=117) were California sea lions (Zalophus californianus), the most abundant pinniped on the western coast of the Baja California Peninsula. Adult males stranded more often than other age and sex classes (P<0.05). The highest frequency of California sea lion strandings was located on sandy beaches (P<0.05) because carcasses may be deposited and remain more easily there than on rocky beaches. The 1998 El Niño event influenced stranding frequencies; most SMM were recorded during that year. As to seasons of the year, most SMM were recorded during spring; this may indicate a higher abundance of marine mammals in the area during this part of the year. Probable human-induced injuries were observed in 17% (n=26) of all animals. Most of these were Z. californianus (n=24), probably due to their known interaction with fisheries; 70% were males.
Introduction
Thirty-three of 44 species of cetaceans and all four species of pinnipeds reported for Mexico occur along the western coast of the Baja California Peninsula (Aurioles, 1993; Carwardine, 2000; Reeves et al., 2002) . This region's high diversity is related in part to food availability produced by the southward flowing California Current of cold and temperate waters, and the convergence with warm waters from the northward-flowing North Equatorial Countercurrent (Torres and Zárate, 1991) . Marine mammals die as a result of starvation, predation, trauma, and diseases. By understanding the normal causes and mortality patterns, we may recognize extraordinary events and determine their causes and impacts on the population (Geraci et al., 1999) . In addition, it is important to know the species that strand, the seasons and the localities, to warn the human population about possible public health problems, both rural and urban, due to zoonosis (Kennedy-Stoskopf, 2001 ). The mortality related to marine mammal strandings may be caused by natural or anthropogenic factors. Marine mammals, due to their high trophic level (Le Boeuf et al., 1983) , may indicate the health of the ecosystem in which they live (Skoch, 1990; Lynn et al., 2001) . Moreover, data obtained from strandings can convey information about marine mammal distribution, abundance, seasonal movements, biology, life history, health, mortality rates, and the interaction of marine mammals with human activities (Mead, 1979; Woodhouse, 1991; Geraci and Lounsbury, 1993; Wiley et al., 1995; Wilkinson and Worthy, 1999) . In the winter of 1997-1998, a group of volunteers under the non-governmental organization Ensenada Marine Mammal Research and Conservation (ICMME, by its Spanish acronym) started systematically recording data from strandings that occur along Todos Santos Bay, near the port of Ensenada, Baja California, Mexico. In this report we analyzed the occurrence and distribution of dead stranded marine mammals from 1998 to 2001, the differences in the number of strandings according to sex and age groups of the most frequently stranded species (California sea lion, Zalophus californianus), and the rates of animals that died due to human-induced injuries.
Material and Methods

Study area
Todos Santos Bay, Baja California, is located on the northwestern coast of the Baja California Peninsula, between 31°40'N and 31°56'N and 116°36'W and 116°50'W (Figure 1 ), 110km south of the USA-Mexico border. The port of Ensenada lies in the Bay that is 18km long and 14km wide on average and relatively shallow, since approximately 75% of its area is less than 50m deep. The remaining 25% is part of a submarine canyon (400m deep) located between Punta Banda Peninsula and the southern Todos Santos Island (Secretaría de Marina, 1974) .
Data collection
The study was conducted along the coast of Todos Santos Bay, approximately 30km from San Miguel Point in the north to a site known as "Whale's Corner" in the south. For data analysis, the coast was divided into two zones according to the general sedimentary features: rocky shore from San Miguel Point to El Gallo River, and sandy shore from El Gallo River to Whale's Corner (Figure 1 ). Since November 1997, ICMME receives notifications (telephone calls) about stranded marine mammals (SMM) from public or private institutions and the general public. ICMME volunteers go to the site, record data, and bury all carcasses in the beach to avoid doublecounting. Data collected from January 1998 to December 2001 were analyzed in this study. In addition, from March 1999 to December 2001 the study area (from San Miguel Point to Whale's Corner) was monitored (211km total effort) in search of SMM by dividing it into portions of 2 to 4km. Each portion was surveyed at least once per season of the year. During each monitoring we collected data related to searching effort: date, start and endpoint of monitored beach portion, and length in km. Data about SMM were recorded as in notifications. During each event we followed a standardized protocol and used data forms based on Geracy and Lounsbury (1993) . Data recorded included the geographic location with GPS, species, carcass condition, total length, and sex. The age group was determined based on species and total length, and the sex according to Geraci and Lounsbury (1993) . Human-related injuries were determined and included gunshot wounds, cuts in the skin probably caused by propellers (from vessel collisions) or knives, and mutilation of fins and flippers, probably to disentangle carcasses from fishing nets (Hare and Mead, 1987; Read and Murray, 2000) .
Data analyses
Data obtained from notifications may vary in space and time because the public who reports strandings use the area differently. Therefore, data obtained from notifications and beach monitoring were analyzed separately. Possible differences in the frequency of stranded species were tested by means of the goodness-of-fit test (X 2 ; Neave and Worthington, 1988; Zar, 1996) . All strandings of pinnipeds and cetaceans were plotted on maps of the study area, separated by notifications and monitoring. Further, possible significant differences in stranding rate of California sea lions (stranded sea lions/km, data from beach monitoring) between rocky and sandy shores (classified according to García and Chee, 1976 ; Figure 1 ) were tested. Since the analyzed data did not meet the assumption of normal distribution (Kolmogorov-Smirnov test for normality; Neave and Worthington, 1988) for parametric statistic tests we used the non-parametric Mann-Whitney test for two independent samples (Neave and Worthington, 1988) and applied the corrected z (Sheskin, 2000) . The frequency of stranded animals was compared between years and seasons of the year, separated by notifications and monitoring reports. Seasons were divided according to solstices and equinoxes during the studied years into spring , summer (June 21 -September 21), fall , and winter (December 21 -March 19) (U.S. Naval Observatory, 2002) . To further analyze data from beach monitoring, we used both frequencies of stranded marine mammals (SMM) and a stranding rate (number of stranded marine mammals per monitored km=SMM/km) to correct for searching effort. For the most frequently stranded species (Zalophus californianus) we searched for differences in stranding frequency between males and females (X 2 ) and age groups, separated by data from notifications and monitoring. Age classes of California sea lions were determined according to length and sex of carcass (King, 1983; Riedman, 1990; Reeves et al., 1992; Heath, 2002) : pups, 0.75-1.00m, juveniles 1.00-1.39m, adult females 1.40-1.80m, subadult males 1.40-2.00m, adult males >2.00m. Finally, we calculated the rates of SMM that had human-induced injuries, and we divided them into age and sex classes. 
Results
Stranded species
From 1998 to 2001, we received notifications about 90 marine mammals that stranded in the study area. In addition, we recorded 63 dead stranded animals during beach monitoring from 1999 to 2001 (Table  1) . Ninety-nine per cent of all carcasses were decomposed (Codes 3 -fair, and 4 -advanced decomposition, according to Geraci and Lounsbury, 1993; Rowles et al., 2001) . Nine different species were recorded: California sea lion (Zalophus californianus), harbor seal (Phoca vitulina richardsi), northern elephant seal (Mirounga angustirostris), short-beaked common dolphin (Delphinus delphis), bottlenose dolphin (Tursiops truncatus), Pacific white-sided dolphin (Lagenorhynchus obliquidens), rough-tooted dolphin (Steno bredanensis), gray whale (Eschrichtius robustus), and blue whale (Balaenoptera musculus) ( Table 1 ). There was a significant difference between their stranding frequencies recorded from notifications (X 2 =394.400, p<0.001, d.f.=8) and from beach monitoring (X 2 =235.794, p<0.001, d.f.=7). When the dataset excluded California sea lions, there was no significant difference in the stranding frequencies (notifications: X 2 =10.619, P>0.05, df=7, monitoring: X 2 =7.867, P>0.05, df=6). Relative frequencies showed similar tendencies in both data sets: California sea lions had the highest stranding frequency (76.7% from notifications and 76.2% from beach monitoring), followed by other pinnipeds (12.2% and 13.1%, respectively), odontocetes (7.8% and 4.8%), and mysticetes (3.3% and 0%). 
Geographic location of strandings
Marine mammal strandings in Todos Santos Bay were located geographically by species, separated into data from notifications ( Figure 2 ) and from beach monitoring (Figure 3 ). Both figures show a higher frequency of strandings along the sandy shore (from El Gallo River to Whale's corner) than along the rocky shore (San Miguel Point to El Gallo river). The data analysis from beach monitoring revealed a significantly higher stranding rate of California sea lions on the sandy shore (0.3528 animals/km) than on the rocky shore (0.0910 animals/km; Mann-Whitney U=510.5, corrected z=2.46, P<0.05, n 1 =42, n 2 =36). Other pinnipeds and cetaceans s t r a n d e d i n m u c h l o w e r n u m b e r s t h a n Z . californianus, and were distributed randomly along the study area. Therefore, no further analyses were performed.
Strandings by year
There was a significant difference in the number of strandings per year recorded from notifications, from 1998 to 2001 (X 2 =24.933, P<0.001, df=3, Table  2 ). There were more strandings in 1998 (n=41) -almost twice as much as in 1999 (n=20) and 2000 (n=21) -and five times more than in 2001 (n=8). Data from beach monitoring (mean stranded marine mammals per km search effort=SMM/km) did not yield significant differences between years 1999-2001 (Table 2) .
Strandings by seasons of the year
There was a significant difference in the number strandings of all species among seasons of the year, recorded from notifications (X 2 =66.622, P<0.001, df=3). The highest frequency was observed during spring (n=56), followed by winter and summer (both with n=12), and fall (n=10). Data from monitoring also showed significant differences in stranding rates (X 2 =12.022, P<0.05, df=3, Table 3 ): 0.3729 SMM/km in spring, 0.3177 in winter, 0.2740 in summer, and 0.0404 in fall. In addition, during spring we recorded the highest species diversity, and Zalophus californianus was the only species that stranded during all four seasons (Figure 4) .
Strandings of California sea lions by age classes and sex
There was a significant difference in the number of strandings between male and female California sea lions, in both data sets from notifications,1998 to 2001 (X 2 =3.630, P<0.05, df=1) and from monitoring, 1999-2001 (X 2 =16.026, P<0.05, df=1) , where males stranded more often than females (63.0% in notifications, and 82.1% in monitoring, Table 4 ). In 1998, however, 55% were females. In addition, we found a significant difference between age in both data sets (notifications: X 2 =27.926, P<0.05, df=3; monitoring: X 2 =42.128, P<0.05, df=3), where adults had the highest frequency (50.0% in notifications and 69.2% in monitoring, Table  4 ) and pups the lowest (0% and 2.6%, respectively). The exception was again in 1998, when juveniles had the highest frequency (45%). 
Possible death causes
We calculated the rate of stranded marine mammals with wounds indicating possible human-induced injuries. Seventeen percent of all 153 stranded marine mammals (n=26: 2 Delphinus delphis and 24 Zalophus californianus) of the animals had wounds caused by bullets, by boat strike or lacerations caused by a cutting object. Both common dolphins were adult females and had broken jaws. One of them was pregnant and had wounds from a boat strike; the other one had injuries caused by a knife. Regarding California sea lions, 18 had bullet wounds and seven had lacerations caused by cutting objects. Moreover, 70% of these sea lions were males, distributed almost evenly between adults, subadults, and juveniles.
Discussion
Stranded species
The stranded species represent 24% of all 37 species of cetaceans and pinnipeds that occurr along the Baja California Peninsula (Aurioles, 1993; Reeves et al., 2002) .The California sea lion is the most frequently stranded species in Todos Santos Bay, coincident with the previous reports for the west coast of the U.S.A. (Seagars and Joswiak, 1991; Wilkinson and Worthy, 1999) . For the Baja California Peninsula this may be explained by the higher abundance of Z. californianus compared with other pinnipeds such as harbor and elephant seals (Antonelis and Fiscus, 1980) . As for cetaceans, stranding frequencies by species are much lower than for pinnipeds, and relative frequencies of pinnipeds, odontocetes, and mysticetes are comparable to reports from California, USA (Seagars and Joswiak, 1991; Wilkinson and Worthy, 1999) .
Geographic location of strandings
Carcasses of stranded marine mammals were found along the beaches throughout the study area. There are a few differences in location of strandings between Todos Santos Bay
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P u n t a B a n d a P e n i n s u l a 0 km 2 km 4 km 6 km 8 km 10 km records from notifications and monitoring (Figures 2 and  3 ). For example, at Morro point, where the University of Baja California and our stranding group are located, strandings from notifications were more concentrated than from monitoring. In contrast, monitoring yielded more data than notifications on the beaches from the Punta Banda estuary to Whale's corner, a sparsely populated and visited area. The latter difference may be attributed to a more evenly distributed effort during monitoring. We assume, however, that some species that may occur in the area did not strand because the carcasses were transported offshore by ocean currents, sunk before they stranded or were preyed upon by sharks or other scavengers (Duguy, 1978) . However, stranding locations both from notifications and monitoring showed an apparent higher frequency of strandings along the sandy shores than along the rocky shores (Figures 2 and 3 ). This was confirmed by a statistically significant difference in stranding rate (monitoring data) of California sea lions. This species can be found all over Todos Santos Bay, and the most important colonies are located at Punta Banda Peninsula and from the center to the south of Todos Santos Bay. The higher stranding frequency along the sandy shore compared to the rocky shore is probably due to the fact that animals are more easily deposited there, and this is also explained by a less pronounced slope (less than 30 degrees) than that of the rocky shore. The latter also has steep and small, narrow beaches, and therefore there seems to be little space for carcass deposition during long periods of time (several days or weeks) because they are reached by the high tide and transported again out to sea. Most of the mortality in the study area occurs at sea, where the wind-driven current's direction is almost perpendicular to the sandy shore (Secretaria de Marina, 1974; Argote-Espinoza et al., 1991) . Therefore, this factor may contribute to a higher stranding rate along the sandy shore as also noted by Duguy (1978) , who found a correlation between strong winds and strandings in his study along the coast of France. Todos Santos Bay
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Strandings by year
Data from notifications indicated significant differences in stranding frequencies between the years of the study period (1998-2001, Table 2 ). No differences between years 1999-2001 were detected in beach monitoring data, and this may be due to the lack of data from 1998 (Table  2 ). In 2001 we recorded more strandings from beach monitoring than from notifications because effort was probably more consistent in the former data set. Strandings during the year 1998 had the highest frequency, and this represented 45.5% of all strandings during the four years (data from notifications). Thus, according to Wilkinson's (1996) findings of strandings in California, 1998 may be considered an atypical year of marine mammal mortality. This was probably related to El Niño 1997 Niño -1998 that was the strongest during the XX century (McPhaden, 1999; NOAA-CIRES, 2002) . During these events, ocean-atmosphere conditions change dramatically. There is a chain reaction of wind and ocean current directions, increase in sea surface temperatures, and a decrease in primary and secondary production. Consequently, there is a reduction in food availability for marine mammals (Idyll, 1973; Barber and Chávez, 1983; Schreiber and Schreiber, 1984) .
Strandings by seasons
During this investigation we observed a statistically significant difference in stranding frequency among seasons, regardless whether the data were recorded from notifications or monitoring (Table 3) . Both data sets showed the highest frequency (and stranding rate) in spring and the lowest in fall. However, monitoring data showed a difference in stranding rate between winter and summer in contrast to data from notifications, probably because notifications are related to the presence of people on the beaches. Winter and spring peaks of pinniped strandings in Baja California are similar to those in California (Seagars and Jozwiak, 1991) , and this has been attributed to winter storms and spring winds when large numbers of pinnipeds are overwintering pelagically in California (Seagars and Jozwiak, 1991) . As animals may be injured (Keyes, 1965; Le Boeuf et al., 1972) , this weakens and exposes them to diseases and attacks by predators (Riedman, 1990) . If animals die, strong winds during storms transport the carcasses to shore (Duguy, 1978) . We found the highest marine mammal species diversity during spring, and this pattern coincides with Duguy's (1978) findings, i.e. a higher stranding frequency of cetaceans along the coasts of France occurs during winter and spring. The high frequency of strandings in Todos Santos Bay during winter and spring also may be related to a higher number of species and animals occurring in the area. The harbor seal's breeding season in Todos Santos Bay is from February to May and the elephant seal's from December to March (Riedman, 1990; Reeves et al., 1992; García-Aguilar, 2004) . The California sea lion was the most frequently stranded species during all seasons of the year, although the number of stranded animals decreased during summer and fall. This may be explained by the lower abundance at the colonies from May to July (Schramm, unpublished data) because the animals migrate to the rookeries north and south of Todos Santos Bay to breed (Lowry et al., 1992) . 
Strandings of California sea lions by age classes and sex
Age and sex groups of California sea lions (as in other pinniped species) tend to be affected distinctively because of differences in behavior, food-habits and foraging, and habitat type preferences (Geraci et al., 1982; Trillmich and Limberger, 1985; Calzada et al., 1994; Gulland et al., 1996) . The Todos Santos Bay colony is composed mainly by adult and subadult males and juveniles of both sexes, with no more that 300 individuals during most part of the year (Schramm, unpublished data). Sea lions in Todos Santos Bay do not reproduce at any time of the year, and therefore adult males do not defend territories to mate nor females gather to give birth. The closest rookeries (reproductive colonies) to Todos Santos Bay are on Los Coronados Islands (De Anda, 1985; Lowry et al., 1992) , approximately 100km north, and on San Martín Island, approximately 200km south (Lowry et al., 1992) . Therefore, the higher frequency of stranded males seems to reflect the age and sex structure of the California sea lion colony in Todos Santos Bay. In addition, we could expect that pups should strand more frequently because they are more sensitive to environmental variables and diseases. At the same time, since this is not a reproductive area, the low percentage of stranded pups may reflect their absence in the area.
Moreover, during 1998 we found that 55% of California sea lions that stranded along Todos Santos Bay were females and 45% were juveniles. Females may have been more affected than males by the 1997-1998 El Niño because they remain near their reproductive areas yearround (Heath, 2002) , and they also forage closer to shore than males (Cárdenas and Aurioles, 2002 5 ). In California, during the 1982-1983 El Niño, females stranded in higher numbers than males (Seagars and Jozwiak, 1991) . Changes in prey distribution, depth and distance from shore also affect juveniles because they are less capable of reaching their food (Trillmich et al., 1991; Gilmartin and Eberhardt, 1995; Geraci et al., 1999 ). An indirect evidence of a decrease in prey abundance for the California sea lion during El Niño 1997 Niño -1998 was the low catch of anchovies (Engraulis mordax). During 1998 only 756 tons were captured in Baja California, compared to the annual average of 7803 tons (Anonymous, 2002) . This fish is the most important prey of sea lions at Los Coronados Islands, approximately 100km north of Todos Santos Bay (De Anda, 1985) . In addition, the highest number of strandings in the USA during the 1990's was recorded during 1998, and approximately 46% were California sea lions (Le Boeuf, 2000) . This coincides with a high sea lion mortality in different places and during different El Niño events (Trillmich and Limberger, 1985; Trillmich et al., 1991; Huber, 1991; Morris et al., 1999 6 ).
Possible death causes
As with the study by Goldstein et al. (1999) , Z. californianus was the species that most often presented some kind of human-induced injuries, mainly caused by bullets. This is probably related to the fact that sea lions frequently approach both commercial and sport fishing vessels and take the fish from the lines and the nets (DeMaster et al., 1982; Zavala and Mellink, 1997 , 2002 ). However, we should also consider that our data may simply reflect the higher abundance of males in our study area. Moreover, we could not determine if trauma was inflicted before or after death, and if the injuries caused the decease of the animals. The experience of stranding recording personnel was variable and only three necropsies were conducted; therefore, the percentage of deaths by human-induced injuries may have been underestimated in this study.
